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(54) Method of depositing a platinum film for capacitor electrode 


(57) A platinum film, which is used as a bottom elec- 
trode for a capacitor in a DRAM cell or a non-volatile 
ferroelectric memory cell, is formed in two separate 
processes, wherein a first thickness platinum part there- 
of is deposited under an inert gas atmosphere, and the 
second thickness platinum part is deposited under an 
atmosphere containing oxygen, nitrogen and/or a mix- 


ture thereof as well as an inert gas. The platinum film is 
annealed under a vacuum atmosphere to remove the 
oxygen an/or nitrogen introduced during the deposition 
of the second thickness platinum part. The annealed 
platinum film prevents formation of an oxide on. a func- 
tional intermediate film such as a diffusion barrier layer 
or an adhesion layer, which is provided below the bottom 
electrode of platinum film. 
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D scription 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority from commonly-as- 
signed Republic of Korea Application Serial No. 
P97-969 (filed January 15. 1997). 

BACKGROUND OF THE INVENTION 

The present invention relates to a technique for de- 
positing a platinum film, which is used as a bottom elec- 
trode of a capacitor in a high density DRAM and in a 
non-volatile memory cell including a FRAfvl memory cell. 
More particularly, the invention relates to a technique of 
forming a platinum film which can prohibit oxidation of 
a functional intermediate film (e.g., such as a diffusion 
barrier layer of a high density DRAM) which is provided 
below the platinum film. 

In this specification, the term "functional intermedi- 
ate film" is used to cover all of the films used in electronic 
devices for prohibiting inter-diffusion of silicon in a poly- 
silicon layer and platinum in a platinum electrode, for 
electric connection or insulating, and/or for enhancing 
adhesion between a platinum film and a substrate. As 
well-known in the art, a functional intermediate film may 
be referred to as a "diffusion barner layer." a "conductive 
plug layer," an "adhesion layer." or an "insulation layer" 
in accordance with its function. Due to the presence of 
these layers, some problems can arise. 

For example, a platinum film is usually used as a 
bottom electrode in a capacitor of a high density DRAM 
cell or of a non-volatile ferroelectric memory device. In 
this regard, when the platinum film is served as a bottom 
electrode of a capacitor in a DRAM celt and a transistor 
is connected to the capacitor via a conductive plug 
formed from polysilicon, platinum silicide is formed on 
the interface between the polysilicon layer and the plat- 
inum film during the platinum depositing, subsequent 
annealing and/or the other post-processing, since the 
platinum film directly contacts the polysilicon layer. To 
avoid this phenomenon, a diffusion barrier layer formed 
from a nitride (e.g., such as TIN, Ti-Si-N and GaN) Is 
formed between the platinum film and the polysilicon. 

Even if a diffusion barrier layer is formed, oxygen 
gas introduced during the post-annealing or high-dielec- 
tric/ ferroelectric oxide layer depositing process can dif- 
fuse through voids formed between grain boundaries in 
the platinum film. Because the grains of the platinum film 
deposited by conventional processes have vertical co- 
lumnar structures with inter-columnar voids, oxygen in- 
troduced from the above-mentioned process can easily 
diffuse through the platinum film to the diffusion barrier 
layer. The oxygen gas diffused through the platinum film 
then oxidizes the diffusion barrier layer and forms an ox- 
idized insulation layer such as T1O2 and Ta205 between 
the barrier layer and the platinum film. Consequently, 
the function of the platinum film as an electrode can be- 


come deteriorated or even lost. In particular if the diffu- 
sion barrier layer is formed from TiN. Ng gas is produced 
while an oxidized film of TiOg is formed on the surface 
of TiN layer, and the N2 gas can cause the platinum to 

5 expand and become released from the barrier layer. 
This phenomenon is known as "buckling". 

In a DRAM device or a non-volatile memory device 
or various types of sensor devices, a functional Interme- 
diate film, more particularly a conductive adhesion layer, 

TO formed from Ti. Ta, TiN, TiW or W also can be interposed 
between the substrate (or a insulation layer formed on 
the substrate) and the platinum film in order to increase 
adhesion strength therebetween. In this case, although 
a ferroelectric oxide film is deposited after the adhesion 

'5 layer and the platinum film have been formed, oxygen 
gas and/or adhesion layer material can diffuse through 
the platinum film formed by conventional methods, 
thereby forming an insulation layer such as TiOg and 
Ta205 in a DRAM cell due to the oxidizing of the adhe- ~ 

20 sion layer. Moreover, "buckling" of the platinum film may 
occur if TiN was used, since N2 is generated due to the 
oxidation of TiN to Ti02. Therefore, the performance 
properties of a DRAM cell or a non-volatile ferroelectric 
cell or other device can be extremely deteriorated due 

25 to problems caused by oxygen diffusing through the 
platinum film and resulting in oxidation. 

As known In the art, if the platinum film employed 
as a bottom electrode has (200) preferred orientation, 
the ferroelectric oxide film which is formed on the plati- 

30 num film tends to be oriented mostly to one crystallo- 
graphic direction, preferably to the c-axis direction. Due 
to this controlled orientation, It has been found that the 
electrical properties of the electronic device can be high- 
ly improved, while its fatigue tendency can be reduced 

35 and adhesion strength improved. Therefore, the orien- 
tation control of platinum film can be very Important. 

In addition, platinum films formed by the conven- 
tional methods using sputtering often are not dense 
. enough and may have a number of pinholes, voids or 

40 hillocks, which may result in device performance prob- 
lems. 

It Is seen from the above that methods for forming 
platinum films that can prevent oxidation of a functional 
intermediate film (such as a diffusion barrier layer, an 
45 adhesion layer, an insulation layer, and a conductive 
plug layer) are desirable. It is also desirable to be able 
to control the orientation of such platinum films and have 
defect-free platinum films. 

so SUMMARY OF THE INVENTION 

It is therefore an abject of the present Invention to 
provide a method of forming a platinum which can pre- 
vent the oxidation of a functional Interedlate film such 
55 as a diffusion barrier layer, an adhesion layer, and a con- 
ductive plug layer and, to provide a platinum film formed 
thereby 

It is still another object of the present Invention to 
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provide a method of manufacturing a semiconductor de- 
vice using comprising a platinum film as a bottom elec- 
trode which can prevent the oxidation of the functional 
intermediate film, and to provide a seniconductor man- 
ufactured thereby. ^ 

According to various specific embodiments, the 
present invention provides a method of forming a plati- 
num film which can prevent the oxidation of a functional 
intermediate film, and a method of manufacturing a 
semiconductor device using comprising a platinum film 
as a bottom electrode which can prevent the oxidation 
of the functional intermediate film. 

According to one specific embodiment, the present 
invention provides a method of forminq a platinum film 
over a functional intermediate film formed on a substrate '5 
comprising steps of: depositing a platinum film over the 
functional intermediate film in two depositing processes, 
wherein a first thickness platinum part thereof is first de- 
posited under an inert gas atmosphere and then the sec- 
ond thickness platinum part thereof is deposited under so 
an atmosphere containing oxygen and/or nitrogen to- 
gether with an inert gas; and annealing the platinum film 
under a vacuum atmosphere to remove the oxygen and/ 
or nitrogen introduced during the deposition of the sec- 
ond thickness platinum part. The term, "atmosphere 25 
containing oxygen and/or nitrogen" means an atmos- 
phere including at least one of: O2, O3. N2, N2O or a 
mixture thereof. 

According to another specific embodiment, the 
present invention provides a method for manufacturing 30 
an electronic device comprising steps of: providing a 
substrate; depositing a functional intermediate film over 
the substrate; depositing a platinum film over the func- 
tional intermediate film, wherein a first thickness plati- 
num part thereof is firstly deposited under an inert gas 3S 
atmosphere and then the second thickness platinum 
part thereof is deposited under an atmosphere contain- 
ing oxygen and/or nitrogen together with an inert gas; 
annealing the platinum film under a vacuum atmosphere 
to remove the oxygen and/or nitrogen introduced during 
the deposition of the second thickness platinum part; 
and forming a high-dielectric or ferroelectric oxide film 
on the platinum film. In order to protect the functional 
intermediate layer from oxidation during the deposition 
of the second thickness platinum part, it is desirable to ^5 
maintain the ratio of the thickness of the first thickness 
platinum part to the total thickness of the platinum film 
to be deposited in the range between 5% and 50%. 

The present invention along with its features and 
advantages will now' be explained in detail with refer- so 
ence to the attached drawings illustrating specific em- 
bodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 

Figs, la to Id are schematic cross-sectional views 
of illustrating the steps of manufacturing a semicon- 
ductor device comprising a platinum film first depos- 


ited under an inert gas atmosphere and then under 
an atmosphere containing oxygen, in accordance 
with a specific embodiment of the present invention: 
Figs. 2a to 2c are schematic cross-sectional views 
of diagrams illustrating modifications to the method 
of Figs. 1 a to 1 d, according to other specific embod- 
iments of the present invention; 
Fig. 3a is a schematic cross-sectional view showing 
a high density DRAfy/l, in accordance with a specific 
embodiment of the present invention; 
Fig. 3b is a schematic cross-sectional view showing 
a non-volatile ferroelectric memory device, in ac- 
cordance with another specific embodiment of the 
present invention; 

Fig. 4 is a simplified diagram illustrating an exem- 
plary substrate processing apparatus which may be 
used in accordance with a specific embodiment of 
the present invention; 

Fig. 5a and Figs. 5b to 5c are transmission electron 
microscopic photographs showing platinum films 
formed, respectively, by a prior art method and the 
method of Example No. 2 in accordance with a spe- 
cific embodiment; 

Figs. 6a and 6b are a planar surface view and a 
cross-sectional view, respectively, of the micro- 
structure of a platinum film formed on Tt/Si02/Si by 
the prior art method; 

Figs. 7a and 7b are a planar surface view and a 
cross-sectional view, respectively, of . the micro- 
structure of a platinum film formed on^TiN/poIysili- 
con/Si by a prior art method; 
Figs. 8a to 8b and Fig. 8c are planar surface views 
and a cross-sectional view, respectively, of the 
microstructure of a platinum film fomned on TiN/ 
polysilicon/Si in accordance with a specific embod- 
iment of the present invention; and 
Figs. 9a to 9d are graphs illustrating X-ray diffrac- 
tion (XRD) patterns of platinum films deposited in 
accordance with Example Nos. 1 to 4 in accordance 
with specific embodiments of the present invention. 

DETAILED DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

In particular, various specific embodiments of the 
present invention are generally described below in rela- 
tion to Figs. 1a to Id and Figs. 2a-2c. In these specific 
embodiments, the present invention provides methods 
of forming a platinum film which can prevent the oxida- 
tion of a functional intermediate film. A method for form- 
ing an platinum film used for a bottom electrode for a 
capacitor of a high density DRAM and a non-volatile 
memory device comprising steps of:providing a sub- 
strate; 

forming a functional intermediate film on the sub- 
strate; depositing a platinum film on the functional 
intermediate film in two depositing processes, 
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wherein a first thickness platinum part thereof is 
firstly deposited under an Inert gas atmosphere and 
then the second thickness platinum part thereof is 
deposited under an atmosphere containing oxygen 
and/or nitrogen including at least one of Og. O3. N2. 
NgO and a mixture thereof together with an inert 
gas; and annealing the platinum film under a vacu- 
um atmosphere to remove the oxygen and/or nitro- 
gen Introduced during the deposition of the second 
thickness platinum part, wherein the platinum film 
has controlled preferred orientation after being an- 
nealed. An inert gas can be selected from Ar, Ne, 
Kr or Xe^ in accordance with specific embodiments. 
The present invention can be applied to a process 
manufacturing an electronic device. In some em- 
bodiments, a ferroelectric film may be formed on the 
platinum film, with the platinum film functioning, for 
example, as a bottom electrode. In some specific 
embodiments, depending on types of electronic de- 
vices to which the platinum film is applied, a func- 
tional intermediate film (such as an insulation layer, 
a conductive plug, an adhesion layer, or a diffusion 
barrier layer) may be provided between the plati- 
num film and the substrate. Various materials which 
may be used for the different films are discussed in 
detail below and have general applicability to the 
following description of the specific embodiments. 

The material of the substrate may be selected from 
one of the following groups: single component semicon- 
ductor materials, e.g.. silicon (Si), germanium (Ge) and 
diamond (C) ; compound semiconductor materials, e.g.. 
GaAs, InP, SiGe and SIC; ceramic single crystals, e.g.. 
SrTiOa. LaAlOa, AI2O3, KBr, NaCI. MgO, ZrOg. Si3N4, 
TiOg. Ta205, AIN or ceramic poly-crystals thereof; met- 
als, e.g., Au, Ag, AI, Ir, Pt, Cu, Pd, Ru, W; and amor- 
phous/glassy materials, e.g.. BSG. PSG, BPSG, Si. 

As mentioned above, a functional intermediate film 
such as an insulating layer, a conductive plug layer, a 
diffusion barrier layer, or an adhesive or glue layer is 
formed between the platinum film and the substrate. The 
materials used for a functional intermediate film func- 
tioning as an insulating layer include Si02, Si3N4, 
BPSG, MgO, CaO, GaF2, AI2O3 or B2O3. The materials 
used for a functional intermediate film functioning as a 
conductive plug layer include TiN, zirconium nitride, ti- 
tanium silicide. tantalum silicide, tungsten silicide, mo- 
lybdenum silicide, nickel silicide, cobalt silicide, tanta- 
lum carbide, tantalum borlde. polysilicon, germanium, 
W. Ta, Ti. Mo, TiW, boron carbide. Cu and the like. The 
material used for a functional intermediate film which 
functions as a diffusion barrier layer can be selected 
from any one of the following groups: ternary component 
amorphous materials (Ti-Si-N. Ta-B-N, Ti-B-N), conduc- 
tive nitride (titanium aluminum nitride. Zr nitride, Hf ni- 
tride, Y nitride. Se nitride. La nitride, rare earth nitride, 
N deficient AI nitride, doped AI nitride, Mg nitride. Ca 
nitride, Sr nitride, Ba nitride, TiN, GaN. Ni nitride, Ta ni- 


tride, Co nitride. W nitride), and the like. The materials 
used for a functional intermediate film used for an ad- 
hesion or glue layer include TiN. W, Ta. TI, Sn, Ru, In, 
Ir Os, Rh, and silicide compound (Ni silicide. Co silicide, 

s W silicide). 

According to some specific embodiments, the present 
invention also forms a high-dielectric or ferroelectric oxide 
film on the top surface of a platinum film after depositing 
the platinum film. For example, material used for the high 

10 dielectric film or the ferroelectric film may be selected from 
any one of the following groups: a perovskite structure ox- 
ide, such as BT(BaTi03), BST(Bai.j(Srj(Ti03), ST(SrTi03), 
PT(PbTi03), PZT(Pb(Zr. T1P3, PLT(Pb^.xLaJi03), PLZT 
(x/y/zPbi.,La,)(ZyTi2)i.,,403, PMN(PbMgi/3Nb2/303). 

IS LiTa03. KNb03, K(Ta, Nb)03. CaTi03, SrSn03, NaNb03. 
LaA103, YAIO3 and a bismuth-layered perovskite structure 
oxide, such as SrBiNbOg, SrBi2Ti209, SrBi2Ta209, SrBl2 
(Ta3(Nbi.x)209 and Bi4Tl30i2); a tungsten-bronze type 
structure oxide such as Sr-,.xBaxNb206, (Sr, 

20 Ba)o.8RxNao.4Nb20s(R; Cr Zn. Y), (Pb, Ba)Nb206, (K. Sr) 
Nb206. (Pb, K)Nb206), Pb2KNb50i5, K3Li2Nb50i5, and 
(K. Na)3Li2Nb50^5. K2LINb50^5: ReMnOg (where Re is a 
rare-earth element); BaMF4 (where M is Mn. Co, Mg, or 
Zn) and KMgF3. 

25 In accordance with the present invention, the plati- 
num film may be deposited by employing any one of the 
following methods: the DC/RF magnetron sputtering, 
DC/RF sputtering, metal organic chemical vapor depo- 
sition, partially ionized beam deposition, vacuum evap- 

30 oration, laser ablation and electroplating. 

As discussed below, it has been observed that the 
platinum film formed by the present invention has two 
important characteristics. First, It has been found that 
the platinum film has a dense microstructure. Second. 

35 the platinum film formed in accordance with the present 
invention does not have pineholes, voids, or hillocks. In 
this dense platinum film without pores and/or hillocks, 
the oxygen can not easily diffuse through the platinum 
film to the functional intermediate film. This is because 

40 the platinum film according to the present invention has 
an absence of voids between the grain boundaries 
which are likely to exist in a platinum film with a columnar 
structure, such as formed with prior art methods. Micro- 
structures shown by transmission electron microscopy 

45 reveal the non-columnar intricate grain boundary con- 
figuration provided by the complex granular structure of 
platinum film formed by the methods according to the 
present invention. As a result of the grain structure, the 
platinum films formed by the present invention can serve 

50 as oxidation barriers for preventing the oxidation of the 
functional intermediate film. Furthermore, due to their 
well-enhanced oxygen blocking function, the platinum 
films according to the present invention can inhibit the 
buckling phenomenon, such as caused by the nitrogen 

55 gas generated by the oxidation of the functional inter- 
mediate film formed from TIN in accordance with the pri- 
or art platinum film deposition methods. 

In addition, it has been observed that the preferred 


7 


EP 0 855 738 A2 


orientation of the platinum film of the present invention 
can be controlled by changing at least one of the follow- 
ing parameters: partial pressure ratios. of oxygen, nitro- 
gen and the mixture thereof to the entire gas in the at- 
mosphere employed in depositing the second thickness 
platinum part of the platinum film; the temperature of the 
substrate during the deposition step: the annealing tem- 
perature; and the ratio of the thickness of the first thick- 
ness platinum part to the total thickness of the platinum 
film to be deposited. 

In accordance with some specific embodiments of 
the present invention, the platinum depositing step can 
be performed in three or more separate processes for 
even more precise control of the dimension and/or prop- 
erties of the platinum film. As already mentioned above, 
the preferred orientation of the platinum film can be con- 
trolled by one or more factors among: the partial pres- 
sure ratios ot oxygen, nitrogen and/or mixture thereof to 
the total deposition atmosphere gases in the atmos- 
phere for depositing the second thickness platinum part 
(or subsequent parts) of the platinum film; the tempera- 
ture of the substrate during the deposition process; the 
annealing temperature; and the ratio of the thickness of 
the first thickness platinum part to the total thickness of 
the platinum film. 

According to the present invention, it is possible to 
manufacture an electronic device comprising a bottom 
electrode of defect-free platinum film which prevents the 
oxidation of the functional intermediate film disposed 
under the bottom electrode and has controlled orienta- 
tion. 

Figs, la to Id show steps of manufacturing a sem- 
iconductor device comprising a platinum film deposited 
on a substrate 100 according to a specific embodiment 
of the present invention. Referring to Fig la, afunctional 
intermediate film 104 (such as diffusion barrier layer, in- 
sulation layer, conductive plug layer or adhesion layer) 
is formed over substrate 100. and a platinum layer 108 
is deposited on the functional intermediate film 104 to a 
first thickness under an inert gas atmosphere such as 
argon. As mentioned above, the inert gas also may be 
selected from Ne, Kr. Xe, etc. The first deposited layer 
108 of the platinum film is referred to as "first thickness 
platinum part" or "first thickness part of the platinum film. 

u 

Following this, another platinum layer 11 2 is depos- 
ited directly on the first platinum layer 108 to a second 
thickness under an atmosphere containing oxygen com- 
ponents, as shown in Fig. lb. This platinum layer is re- 
ferred to as "second thickness platinum part" or "second 
thickness part of the platinum film." 

After depositing the second thickness platinum part 
112. both parts of the platinum film, 108 and 112. are 
annealed in vacuum at a temperature of about 400**C to 
about 700*C to remove oxygen components. As a result 
of this process, the platinum film 108 and 112 are 
changed to a platinurfi layer 1 1 6 substantially free of the 
oxygen component (Fig. 1c). For clarity, the platinum 


layer 1 1 6 will also be referred as the "annealed platinum 
film." As can be understood from the above, the an- 
nealed first thickness part 1 0S and the annealed second 
thickness part 112 will form a platinum film 116 to serve 

5 as a bottom electrode in an electronic device. 

In manufacturing an electronic device such as ca- 
pacitor, it is possible to form a high-dielectric or ferroe- 
lectric oxide film 1 20 on the top surface of the annealed 
platinum film 116. after the platinum film 116 is formed 

JO as a bottom electrode, and then to deposit a conductive 
film, preferably a platinum film, over the oxide film 120 
to serve as a top electrode of the electronic device. 

In the platinum film 116 serving as a bottom elec- 
trode, the first thickness platinum part 108 can be 

15 formed to a thickness so that it can prevent oxygen, 
which may be introduced during depositing the second 
thickness platinum part, from diffusing to the functional 
intermediate film through the first thickness platinum 
part. In this regard, the first thickness platinum part can 

20 be deposited to a thickness for appropriately blocking 
the oxygen diffusion to the functional intermediate layer. 
For example, the first thickness part 108 may be very 
thin to the extent of 5% of total thickness of the platinum 
film 116. 

25 Meanwhile, the annealed platinum film 116 can 
have (200), (111). (220), or mixed {(111). (200) and/or 
(220)} preferred orientation. As can be seen from the 
experimental data to be explained hereinbelow, the pre- 
ferred orientation can be controlled by changing one or 
30 more factors among: the partial pressure ratios of oxy- 
gen, nitrogen and/or mixture thereof to the total deposi- 
tion atmosphere gases in the atmosphere for depositing 
second thickness platinum part of the platinum film; the 
temperature of the substrate during the deposition proc- 
35 ess; the annealing temperature; and the ratio of the 
thickness of the first thickness platinum part to the total 
thickness of the platinum film. In connection with con- 
trolling the preferred orientation of an annealed platinum 
film, it Is preferred that the thickness of the first thickness 
40 part 1 08 does not exceed 50% of the total platinum film 
serving as a bottom electrode. 

In accordance with other specific embodiments of 
the present invention, Figs. 2a to 2c show modified 
methods to those of Figs. 1a to 1d. Similarly as In Figs. 
45 la, the functional intermediate film 104 (such as diffu- 
sion barrier layer, insulation layer, conductive plug layer 
or adhesion layer) Is formed over substrate 100. and the 
first thickness platinum part 108 is deposited on the 
functional intermediate film 1 04 to a first thickness under 
50 an Inert gas atmosphere such as argon. As mentioned 
above, the inert gas also may be selected from Ne. Kr, 
Xe. etc. Following the steps of Fig. la. a second thick- 
ness platinum part 124 is deposited directly on the first 
platinum layer 108 to a second thickness under an at- 
55 mosphere containing inert gas and nitrogen gas, as 
shown In the embodiment of Fig. 2a, Alternatively, fol- 
lowing the steps of Fig. 1 a. a second thickness platinum 
part 128 is deposited directly on the first platinum layer 
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108 to a second thickness under a deposition atmos- 
phere containing inert gas and a mixture of nitrogen gas 
and oxygen gas, as shown in the embodiment of Fig. 
2b. Then, both parts of the platinum films (108 and 124 
for the embodiment of Fig. 2a, or 108 and 128 for the 
embodiment of Fig. 2b) are annealed to remove nitrogen 
and/or oxygen therefrom. Similarly as for Fig. 1c. the 
reference numeral 116 indicates the annealed platinum 
film, which is substantially free of nitrogen and/or oxy- 
gen after annealing in the various specific embodi- 
ments. Following the annealing, a high-dielectric or a 
ferroelectric oxide film is deposited on the annealed plat- 
inum film 1 1 6, i.e., on the top surface of the bottom plat- 
inum electrode, similar to Fig. Id. According to another 
specific embodiment, as can be seen from Fig. 2c, it is 
possible to form an insulation layer 1 32 on the substrate 
100 before depositing the functional intermediate film 
104 to insulate the substrate 100 and the functional in- 
termediate film 104. The insulation layer 132 can be 
formed from any one of: Si02. Si3N4, BPSG, MgO. CaO. 
CaF2. Ai203, B2O3. BSG. PSG and the like insulating 
materials. 

Description of exemplary integrated circuit devices 

Fig. 3a represents a schematic diagram of an ex- 
emplary integrated circuit device, such as a DRAM cell 
with high dielectric capacitors, which may be fabricated 
in accordance with the present invention. As seen in Fig. 
3a, formed in the DRAf\/l cell region of a substrate 400 
is a transistor having a gate electrode 402 and source/ 
drain regions 404. Gate electrode 402, which may be 
formed with doped or undoped polysilicon, is capped 
with a sidewall oxide layer 406, and field oxide 408 pro- 
vides isolation. Also formed in the DRAM cell region is 
a high dielectric capacitor. The capacitor includes an up- 
per capacitor celt plate 410. a bottom capacitor storage 
node 412, and a high dielectric constant material 414 
formed between plate 410 and node 412. The capacitor 
Is isolated from the transistor by an insulating layer 41 8, 
except through vias through layer 418 which are filled 
with a polysilicon plug layer 420. Insulating layer 418 
may be made of Si02, BPSG, etc. A diffusion barrier 
layer 416 is formed between bottom capacitor storage 
node 412 and polysilicon plug 420. As discussed above, 
the present invention may be used to deposit orienta- 
tion-controlled platinum for use as bottom capacitor 
storage node 412 and/or upper capacitor cell plate 410. 
For example, as illustrated in Fig. 3a, a bottom electrode 
of platinum film 412 may be deposited on the top surface 
of diffusion barrier layer 41 6 which is formed on the con- 
ductive plug layer 420 of polysilicon in order to prevent 
formation of silicide between the polysilicon plug layer 
420 and the platinum electrode 412 in a DRAM memory 
cell. 

Fig. 3b represents a schematic diagram of an ex- 
emplary integrated circuit device, such as a non-volatile 
ferroelectric memory device, which may also be fabrl- 
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cated in accordance with the present invention. As seen 
in Fig. 3b, formed in the cell region of a substrate 500 
is a transistor having a gate electrode 502 and source/ 
drain regions 504. Also formed in the non-volatile ferro- 

5 electric memory device is a ferroelectric capacitor. The 
capacitor includes a top capacitor electrode 510. a bot- 
tom capacitor electrode 51 2, and a ferroelectric material 
514 (e.g., PZT) formed between electrodes 510 and 
512. Formed underneath the bottom capacitor electrode 

10 512 is a buffer layer 516 (e.g.. TiOg) formed over an in- 
sulating layer 518 on substrate 500. As discussed 
above, the present invention may be used to deposit ori- 
entation-controlled platinum with good adhesion 
strength for use as bottom electrode 512 and/or upper 

T5 electrode 510. 

Figs. 3a and 3b are merely representative exam- 
ples of integrated circuit devices which may be fabricat- 
ed in accordance with specific embodiments of the 
present invention. Other devices also may be fabricated 

20 in accordance with other specific embodiments. 

Description of exemplary substrate processing 
apparatus 

25 In accordance with the present Invention, the plati- 
num film may be deposited by employing any one of the 
following methods: the DC/RF magnetron sputtering, 
DC/RF sputtering, metal organic chemical vapor depo- 
sition, partially ionized beam deposition, vacuum evap- 

30 oration, laser ablation and electroplating. 

Fig. 4 Is a simplified diagram Illustrating an exem- 
plary substrate processing apparatus, such as a DC 
sputtering apparatus 600. which may be used in accord- 
ance with a specific embodiment of the present inven- 
ts tion. In the exemplary sputter deposition system of Fig. 
4, a platinum target 602 (a plate of the platinum material 
that is to be deposited) is connected to a DC power sup- 
ply 606 (alternatively, in a RF sputtering system, target 
602 is connected to a RF power supply) at a negative 

40 voltage and about 100 Watt to 200 Watt power while a 
substrate holder 604 facing target 602 Is grounded (as 
seen In the specific embodiment of Fig. 4) or/and heated 
by a heater under substrate holder 604. In specific em- 
bodiments, platinum target 602 may be a 2 Inch, 4 Inch 

4S or 6 inch diameter target for a 2 Inch, 4 inch or 6 inch 
diameter substrate, respectively. In the specific embod- 
iments discussed below, a 4 Inch diameter was used for 
target 602 and the substrate. An Inert gas, such as argon 
in the specific embodiment, Is flowed through a gas line 

so 608 at a rate controlled by a mass flow controller 610 
Into the system from an argon source 61 2. As mentioned 
earlier, an inert gas can be selected from Ar, Ne, Kr or 
Xe. in accordance with various specific embodiments. 
In embodiments where nitrogen Is used, nitrogen also 

55 is flowed from a nitrogen source 614 through gas line 
608 at a rate controlled by a mass flow controller 616. 
In embodiments where oxygen is used, oxygen also is 
flowed from an oxygen source 61 3 through gas line 608 
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at a rate controlled by a mass flow controller 61 5. In the 
specific embodiment, valves 61 8 are also used for inert 
gas source 61 2. oxygen source 61 3 and nitrogen source 
61 4. In the specific embodiments the system is typically 
maintained at a basic pressure on the order of about 
10'^ Torr using an exhaust valve 624, to provide a me- 
dium in which a glow discharge can be initiated and 
maintained. When the glow discharge is started, posi- 
tive ions strike target 602, and target platinum atoms are 
removed by momentum transfer. When a sliding shutter 
620 is adjusted to expose substrate holder 604. these 
target platinum atoms subsequently condense into a 
thin platinum film on a substrate 622. which is on sub- 
strate holder 604. Target 602 and substrate holder 604 
are tilted to each other by about 30' in the specific em- 
bodiment. Substrate holder 604 rotates during sputter 
deposition for obtaining uniform platinum film deposition 
over substrate 622 at a rotating speed of about 3 revo- 
lutions per minute (rpm), according to the specific em- 
bodiment. Prior to sputter deposition, substrate 622 was 
loaded using a magnetic bar into system 600 through a 
load lock chamber (not shown) coupled to the main 
chamber containing substrate holder 604. During sput- 
ter deposition, the total gas pressure within the main 
chamber of system 600 is controlled to a set value by 
exhaust valve 624, which is connected to a pumping 
system (not shown). Exhaust valve 624 also controls the 
flow of exhaust from system 600. It is noted that no aux- 
iliary electrode is required with the exemplary sputtering 
deposition system 600 in order to deposit a preferred 
orientation-controlled platinum film onto substrate 622, 
which is a silicon substrate in the specific embodiment. 
For some embodiments, a magnetron gun may also be 
used to provide DC/RF magnetron sputtering. 

Description of exemplary anti-oxidation platinum 
deposition processes 

In accordance with the present invention, exempla- 
ry processing conditions for sputter depositing anti-oxi- 
dation platinum using an inert gas. such as argon in the 
specific embodiment, and an oxygen and/or nitrogen 
deposition atmosphere are described as follows. In the 
specific embodiments, the platinum film with anti-oxida- 
tion properties is deposited in two steps: (i) a first thick- 
ness platinum part is deposited under an inert gas at- 
mosphere, such as argon; and (ii) a second thickness 
platinum part is deposited under an atmosphere of an 
inert gas mixed with oxygen and/or nitrogen gas. The 
platinum film of the first and second thickness platinum 
parts is then annealed in a vacuum chamber in order to 
prevent the functional intermediate layer formed be- 
neath the platinum film from oxidizing during the anneal- 
ing. After vacuum annealing, the platinum film becomes 
sufficiently dense that it can act as an anti-oxidation bar- 
rier for the functional intermediate layer beneath it, even 
at high temperatures up to at least about eSO'C under 
an oxidizing atmosphere. 


Since the platinum film in accordance with the 
present methods has a dense microstructure without 
any voids or hillocks, oxygen gas cannot diffuse through 
the platinum film to the functional intermediate film. Thus 
5 the oxidation of the functional intermediate film can be 
prevented with the present invention. Furthermore, 
even if the functional intermediate film is formed from 
TiN. the buckling phenomenon is not caused since ni- 
trogen gas, which might otherwise be generated when 
10 TiN film is oxidized^ is not generated at all. The fact that 
no oxidized insulation film is formed can be demonstrat- 
ed by inspecting the cross-sectional surface of an elec- 
tronic device incorporating the platinum film with elec- 
tron microscopy or by measuring contact resistance of 
IS the platinum film. 

It has been also obsen/ed that the preferred orien- 
tation {(111). (200). and/or (220)} of the platinum films 
can be easily controlled by changing at least one of the 
following parameters: partial pressure ratios of oxygen, 
20 nitrogen and/or oxygen-nitrogen mixture to the total gas 
pressure of the atmosphere used in depositing the sec- 
ond thickness platinum part: the substrate temperature 
during the platinum deposition step; and annealing tem- 
perature. Furthermore, the preferred orientation also 
25 can be changed by varying the ratio of the thickness of 
the first thickness platinum part to the total thickness of 
the platinum film. 

In accordance with specific embodiments, the pre- 
ferred conditions for forming anti-oxidation platinum in- 
30 elude: the thickness ratio of the first thickness platinum 
part to the total thickness of the platinum film is about 
5% to about 50%. the substrate temperature is not ex- 
ceeding 500**C and more preferably about room tem- 
perature to about 500*0, the oxygen and/or nitrogen 
35 partial pressure ratio to the total pressure during the 
sputter deposition of the second thickness platinum part 
is about 3% to about 30%, and the temperature of vac- 
uum annealing is not exceeding 700**C and more pref- 
erably about 250*C to about yOO'^C. 
40 It is noted that the values of these process variables 
may not be universal (i.e., the value of a certain variable 
to achieve some property of the film may vary according 
to the specific substrate processing apparatus used). 
For example, these variables may vary depending on 
45 the geometrical factors of chamber volume, target-sub- 
strate distance and other properties, such as the mag- 
netic field intensity of the magnetron gun if a magnetron 
sputtering apparatus is used. 

so Experimental Results 

The advantages and effects of the present invention 
will now be explained in detail with reference to the ex- 
amples which Illustrate the procedures and conditions 
ss of tests performed, and with reference to results from 
prior art methods. 
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Example No. 1 

A polysilicon layer was formed on a substrate (sili- 
con wafer), and then a TiN film which serves as a diffu- 
sion barrier layer was deposited on the polysilicon layer 
Following this, a platinum film of 2000A total thickness 
was formed on the TiN film in two separate steps using 
following method and conditions. 

Deposition method employed: DC/RF magnetron 

sputtering 
° Basic pressure: 1x10*^ Torr 
" Wafer rotating speed: 3.5 rpm 

First deposition step of platinum film 

atmosphere: Ar 
substrate temperature: SOCC 
- deposition thickness: 600A (600A/2000A = 
30% total thickness) 

Second deposition step of platinum film 

deposition atmosphere: Ar+Og (partial pres- 
sure ratio of Og: 6%) 

deposition thickness: 1400A (1400A/2000A = 
70% total thickness) 

" Annealing condition : 5x10-® Torr vacuum, GOO'C 
for 1 hour 

Example No. 2 

Deposition of platinum film was performed under 
the same condition as in the Example No. 1 except that 
the partial pressure ratio of O2 was increased to 10%. 
the first deposition thickness was 150A (1 50A/2000A = 
7.5% total thickness), and the second deposition thick- 
ness was 1850A (1850A/2000A = 92.5% total thick- 
ness). 

Example No. 3 


with those in Example No. 4. Example No. 6 

Except that oxygen-nitrogen mixture was used in 
place of O2 in the atmosphere for depositing the second 
thickness part of the platinum, the other conditions were 
5 the same with those in Example No. 1 . 

Example No.7 

First, an insulation layer of Si02, was formed on a 
?o substrate (silicon wafer) and then a TiN adhesion layer 
was formed on the SiOg layer. Following this, a platinum 
film of 2000A total thickness was deposited in two steps. 
Deposition method, basic vacuum pressure, and wafer 
rotating speed employed in this example were the same 
IS with those in Example No. 1 . 

' First deposition step of platinum film 

deposition atmosphere: Ar 
20 - substrate temperature: 200''C 
first deposition thickness: 150A 
(150A/2OOOA = 7.5% total thickness) 

* Second deposition step of platinum film 

25 

substrate temperature: 300'C 
second deposition thickness: 1850A 
(1850A/2000A = 92.5% total thickness) 

30 *> Annealing conditions: 5x10-6 orr, 650**C for 1 hour 

Example No. 8 

A platinum film was formed on a substrate in the 
35 same method as that of Example No. 1 . The deposition 
conditions were as follows. 

" Deposition method: DC/RF magnetron sputtering 
Basic pressure: 1x10*® Torr 
40 » Wafer rotating speed: 3.5 rpm 

** First deposition step of platinum film 


20 


25 


Deposition of platinum film was performed under 
the same condition as in the Example No. 1 except that 
the partial pressure ratio of O2 was increased to 14%. 

Example No. 4 

All of the conditions were the same with those in 
Example No. 1 except that Ng was used in the atmos- 
phere for depositing the second deposition part of the 
platinum in place of Og, and the partial pressure ratio of 
N2 was 6%. 

Example No. 5 


atmosphere: Ar 
substrate temperature: 200'*C 
-^5 . deposition thickness: 400A (400A/2000A = 
20% total thickness) 

* Second deposition step 

50 . atmosphere: Ar+Og 

substrate temperature: 200*C 
deposition thickness: I6O0A 
(I6OOA/20OOA = 80% total thickness) 
annealing conditions: 5x10-6 jorr, BOO^C for 1 

55 hour 


Except that the annealing temperature was Fig. 5a and Figs. 5b to 5c are transmission electron 

changed to 500'*C. the other conditions were the same microscopic photographs showing platinum films 
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formed, respectively, by a prior art method and the meth- 
od ol Example No. 2. In particular, the photographs 
show whether a Ti02 layer is formed between the TiN 
layer and the platinum film or not. From the photograph 
of Fig. 5a, it can be seen that an insulation layer of TiOj ^ 
Is formed between the TiN layer and the platinum film. 
In contrast, as can be seen from Fig. 5b. the platinum 
film according to the present invention is formed directly 
on the top surface of the TIN layer without any oxidized 
insulation layer, and the platinum film has dense gran- 
ular structure (Fig. 5c). The other platinum films ob- 
tained from the above examples other than Example No. 
2 have shown the same results as for Example No. 2, 
although the photographs thereof are not presented in 
the drawings. 

Figs. 6a and 6b are scanning electron microscope 
micrographs of a planar view and a cross-sectional view, 
respectively, of a commercially available platinum film 
deposited on a Ti/SiOg/Si substrate by sputtering and 
then annealed at 600**C for 1 hour in air. It can be ob- 20 
served that many white spots with diameters of about 
0.3|im are well dispersed over the micrograph in Fig. 
6a, and there are some protrusions on the film surface 
in the cross-sectional view of Fig. 6b, which is more 
highly magnified than Fig. 6a. These spots or protru- 2S 
sions are generally referred to as hillocks. It is known 
that hillocks are formed to release compressive stress 
in metallic films when metallic films are heated. It has 
been reported that these hillocks can result in short cir- 
cuits between top and bottom electrode through oxide 30 
thin films in electronic devices and the diameter of the 
hillocks are in the range from 0.1 fim to 0.4|im, 

Figs. 7a and 7b show scanning electron microscope 
micrographs of a planar view and a cross-sectional view, 
respectively, of a platinum film formed by a prior art 3S 
method. The platinum film was deposited on a TiN/poly- 
silicon/Si substrate by sputtering and then annealed at 
600*'C for 1 hour in Ng/Og. In Fig. 7a, many hemispher- 
ical protrusions can be observed, and dark spots with 
irregular shape and size ranged between 0.1 |im and ^^o 
0.4|im can also be seen. These dark spots are pinholes 
formed due to tensile stress. In the cross-sectional view 
of Fig. 7b, it can be seen that the hemispheres consist 
of two layers of Pt and TiN films, and the stacks of films 
are de-laminated from the substrate. This reveals the 
occurrence of the phenomenon known as buckling. It 
has been reported that the buckling results from nitro- 
gen gas generated during oxidation of the underlying 
TiN film. As discussed earlier, when an oxide film Is de- 
posited on a Pt/TiN substrate under an oxidizing atmos- 50 
phere, oxygen diffuses to the TiN layer through the Pt 
layer and oxidizes the TiN layer. The buckling can also 
result in some serious problems, such as short circuits 
and surface roughening of the platinum film. 

Figs. 8a to 8b and Fig. 8c show scanning electron 55 
microscope micrographs of planar views and a cross- 
sectional view, respectively of a platinum film obtained 
from the above Example No.2. The platinum film was 


deposited on a tlN/polysilicon/Si substrate by sputter- 
ing and then annealed at 650*0 for 30 min. in air. After 
annealing, the platinum film was heat treated again at 
650°C for 30 min. in air. In Fig. 8a, it can be observed 
that the Pt film consists of relatively large grains, and 
there are no pinholes and no protrusions, such as hill- 
ocks or buckling. In Fig. 8b which has a higher magnifi- 
cation than Fig. 8a. Pt grains with angular shape are 
seen and no pinholes can be seen. In the cross-section- 
al view of Fig. 8c, it can be seen that the surface of the 
Pt film is smooth and clean, and there are no protrusions 
like as hillocks or bucklings in the film. From these ob- 
servations, it can be concluded that the platinum film in 
accordance with the present invention is dense and has 
no defects, such as pores, hillocks, and bucklings. The 
films obtained from the other examples have shown the 
same results in this regard, though the other micro- 
graphs are not shown to avoid redundancy. 

Figs. 9a to 9d are graphs illustrating XRD patterns 
of platinum films obtained from Example Nos. 1 to 4, 
which show that those films have (111), (200). mixed 
(111) and (200), (111), and (111) preferred orientation, 
respectively. Although the XRD pattern of the Example 
No. 5 is not shown, the platinum film obtained therefrom 
also had (111) preferred orientation. Showing the XRD 
intensity in arbitrary units (a.u.) in relation to 20 (de- 
grees), Figs. 9a to 9d are the typical 0-20 scans of the 
platinum films using Cu K^, radiation in the X-ray diff rac- 
tometer performed in order to find the grains of the plat- 
inum films oriented with specific planes. From the ex- 
periments, it is concluded that the preferred orientation 
of platinum film can be controlled by changing at least 
one of the following parameters: the partial pressure ra- 
tios of oxygen, nitrogen and/or mixture thereof; temper- 
ature of substrate; post-processing (annealing) condi- 
tions: and the ratio of the thickness of the firstly depos- 
ited platinum part to the total thickness of the platinum 
film. 

If the platinum film of the present invention is ap- 
plied as a bottom electrode for a capacitor on a func- 
tional intermediate film, such as a polysilicon plug layer 
and an adhesion layer, of which the former may be em- 
ployed in DRAM cells and the latter may be employed 
non-volatile memory cells, oxidation of the functional in- 
termediate film can be prevented. Notably even if TiN 
is used for a diffusion barrier layer or an adhesion layer, 
the buckling phenomenon is not produced at all with the 
present invention, since the TiN layer is not oxidized dur- 
ing the post-processing including the deposition of a fer- 
roelectric oxide film on the bottom electrode of platinum 
film and thus no Ng gas is generated during the post- 
processing. 

Further, there are no pineholes. voids, or hillocks in 
the platinum film obtained in accordance with the 
present invention. In addition to the above, since pre- 
ferred orientation of the platinum film can be controlled, 
the characteristics of platinum films can be adapted to 
electronic devices in which the anti-oxidation platinum 
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film will be employed as a bottom electrode. 

It should be understood that the above description 
is intended to be illustrative and not restrictive. Many 
embodiments will be apparent to those of skill in the art 
upon reviewing the above description. By way of exam- 
ple, the inventions herein have been illustrated primarily 
with regard to specific experiments on examples of plat- 
inum films formed in two steps, but it shall be understood 
that those films can be formed in more than two steps. 
For example, the second thickness platinum parts there- 
of can be formed in two or more separate steps. Fur- 
thermore, the invention shall not be limited by the types 
of functional intermediate films but shall be interpreted 
to include all of the modifications if the platinum film is 
deposited in two or more steps and the first thickness 
part thereof is deposited under an inert gas atmosphere 
and then deposition of the second thickness part fol- 
lowed by annealing process is performed under an at- 
mosphere containing oxygen and/or nitrogen. Also, the 
annealing process performed after the platinum depo- 
sition may be performed in-situ, or in a different chamber 
from the deposition chamber. Those skilled in the art will 
recognize other equivalent or alternative methods of de- 
positing the orientation-controlled platinum layer while 
remaining within the scope of the claims of the present 
invention. The scope of the invention should, therefore, 
be determined not with reference to the above descrip- 
tion, but should instead be determined with reference to 
the appended claims, along with the full scope of equiv- 
alents to which such claims are entitled. 


Claims 

1. A method for forming an platinum film used for a 
bottom electrode for a capacitor of a high density 
DRAM and a non-volatile memory device compris- 
ing steps of: 

providing a substrate: 

forming a functional intermediate film on the 
substrate; depositing a platinum film on the 
functional intermediate film in two depositing 
processes, wherein a first thickness platinum 
part thereof is firstly deposited under an inert 
gas atmosphere and then the second thickness 
platinum part thereof is deposited under an at- 
mosphere containing oxygen and/or nitrogen 
including at least one of Og. O3, N2, N2O and a 
mixture thereof together with an inert gas; and 
annealing the platinum film under a vacuum at- 
mosphere to remove the oxygen and/or nitro- 
gen introduced during the deposition of the sec- 
ond thickness platinum part, wherein the plati- 
num film has controlled preferred orientation af- 
ter being annealed. 

2. The method of claim 1 , wherein the functional inter- 


mediate film is any one of a diffusion barrier layer, 
a conductive plug, an adhesion layer and an insu- 
lation layer. 

5 3. The method of claim 2, wherein the functional inter- 
mediate film is a conductive plug and is formed from 
a material selected from the group consisting of TiN. 
zirconium nitride, titanium siiicide, tantalum silicide. 
tungsten silicide. molybdenum siiicide. nickel sili- 

10 cide, cobalt silicide. tantalum carbide, tantalum bo- 
ride, polysilicon, germanium, W, Ta. Ti. Mo. TiW, bo- 
ron carbide, Cu and the like. 

4. The method of claim 2. wherein the functional inter- 
ns . mediate film is a diffusion barrier layer and is formed 
from a material selected from the group consisting 
of ternary component amorphous materials (Ti-Si- 
N. Ta-B-N. Ti-B-N), conductive nitride (titanium alu- 
minum nitride. 2r nitride. Hf nitride, Y nitride, Se ni- 
20 tride, La nitride, rare earth nitride. N deficient Al ni- 
tride, doped Al nitride. Mg nitride, Ca nitride. Sr ni- 
tride. Ba nitride, TiN, GaN. Ni nitride, Ta nitride, Co 
nitride. W nitride), and the like. 

25 5. The method of claim 2, wherein the functional inter- 
mediate film is an adhesion layer and is formed from 
a material selected from the group consisting of TiN, 
W, Ta, Ti, Sn. Ru. In. Ir, Os, Rh, silicide compound 
(Ni silicide, Co silicide, W silicide), and the like. 

30 

6. The method of claim 1 . wherein the first thickness 
platinum part is formed to an extent that it can pre- 
vent the diffusion of the oxygen which can be intro- 
duced into the platinum film during the second thick- 

35 ness platinum part depositing step, 

7. The method of claim 6. wherein the thickness of the 
first thickness platinum part is 5 to 50% of the total 
thickness of the platinum film to be deposited. 

40 

8. The method of claim 1 , wherein the preferred orien- 
tation of the platinum film is controlled by changing 
at least one of: partial pressure ratios of oxygen, ni- 
trogen and the mixture thereof to the entire gas in 

45 the atmosphere employed in depositing the second 
thickness platinum part of the platinum film; the tem- 
perature of the substrate during the deposition step; 
annealing temperature; and the ratio of the. thick- 
ness of the first thickness platinum part to the total 

50 thickness of the platinum film. 

9. The method of claim 1 , wherein the inert gas is se- 
lected from Ar, Ne, Kr, and Xe. 

55 1 0. The method of claim 1 , wherein the temperature of 
the substrate during the deposition step does not 
exceed 500**C. 
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1 1 . The method of claim 1 . wherein the annealing tem- 
perature does not exceed 700^*0. 

12. The method of claim 1, wherein the depositing of 
platinum film is performed using a process selected 
from the group comprising DC/RF sputtering. DC/ 
RF magnetron sputtering, metal organic chemical 
vapor deposition, vacuum evaporation deposition, 
laser ablation deposition, partially ionized beam 
deposition, and electroplating. 

13. The method of claim 1. wherein the substrate is 
formed from a material selected from the group con- 
sisting of silicon (Si), germanium (Ge) and diamond 
(C); compound materials such as GaAs, inP, SiGe 
and SiC; ceramic single crystal (SrTiOs, LaAIOs, 
AI2O3, KBr. NaCI, ZrOg. Si3N4, TiOg. TagOg. AIN) or 
poly-crystals thereof; metal (Au, Ag, Al. Ir. Pt, Cu, 
Pd, Ru, W); and amorphous/glassy materials (BSG, 
PSG, BPSG, Si). 

14. The method of claim 1, wherein the platinum film 
which is preferred orientation-controlled can anti- 
oxidize the functional intermediate film; and further 
comprising the step of: 

forming a high dielectric or ferroelectric film on 
the top surface of the platinum film. 

15. The method of claim 14, wherein the functional in- 
termediate film is any one of a diffusion barrier layer, 
a conductive plug, an adhesion layer and an Insu- 
lation layer 

16. The method of claim 15. wherein the functional in- 
termediate film is a conductive plug and is formed 
from a material selected from the group consisting 
of TIN, zirconium nitride, titanium silicide. tantalum 
silicide, tungsten silicide, molybdenum silicide, 
nickel silicide, cobalt silicide, tantalum carbide, tan- 
talum boride, polysilicon, germanium, W, Ta, Ti. IVto, 
TIW, boron. carbide, Cu and the like. 


pound (Ni silicide. Co silicide, W silicide), and the 
like. 

1 9. The method of claim 1 4, wherein the first thickness 
5 part is formed to an extent that it can prevent the 
diffusion of the oxygen which can be introduced into 
the platinum film during the second thickness part 
depositing step. 

10 20. The method of claim 19, wherein the thickness of 
the first thickness platinum part is 5 to 50% of the 
total thickness of the platinum film to be deposited. 


21. The method of claim 14, wherein the preferred ori- 
is entation of the platinum film is controlled by chang- 
ing at least one of: partial pressure ratios of oxygen, 
nitrogen and the mixture thereof to the entire gas in 
the atmosphere employed in depositing the second 
thickness part of the platinum film; the temperature 
20 of the substrate during the deposition step; anneal- 
ing temperature; and the ratio of the thickness of 
the first thickness platinum part to the total thick- 
ness of the platinum film. 

25 22. The method of claim 14, wherein the inert gas is 
selected from Ar. Ne, Kr. and Xe. 

23. The method of claim 14, wherein the temperature 
of the substrate during the deposition step does not 

30 exceed 500'C. 

24. The method of claim 1 4, wherein the annealing tem- 
perature does not exceed 700'*C. 

35 25. The method of claim 14. wherein the depositing of 
platinum film is performed using a process selected 
from the group comprising DC/RF sputtering, DC/ 
RF magnetron sputtering, metal organic chemical 
vapor deposition, vacuum evaporation deposition, 

40 laser ablation deposition, partially ionized beam 
deposition, and electroplating. 


17. The method of claim 15, wherein the functional in- 
termediate film is a diffusion barrier layer and is 
formed from a material selected from the group con- 
sisting of ternary component amorphous materials 
(Ti-Si-N. Ta-B-N, Ti-B-N), conductive nitride (titani- 
um aluminum nitride, Zr nitride. Hf nitride. Y nitride, 
Se nitride, La nitride, rare earth nitride, N deficient 
Al nitride, doped Al nitride, Mg nitride, Ca nitride, Sr 
nitride. Ba nitride, TiN. GaN, Ni nitride, Ta nitride, 
Co nitride, W nitride), and the like. 

18. The method of claim 15. wherein the functional in- 
termediate film is an adhesion layer and is formed 
from a material selected from the group consisting 
of TiN. W. Ta. Ti. Sn, Ru. In. Ir, Os, Rh. silicide com- 


26. The method of claim 1 4, wherein the substrate is 
formed from a material selected from the group 

45 comprising silicon (Si), germanium (Ge) and dia- 
mond (C); compound materials such as GaAs. InP. 
SiGe and SiC; ceramic single crystal (SrTlOa, 
LaAlOg, AI2O3, KBr. NaCI, ZrOg. Si3N4. TiOg, 
Ta205, AIN) or poly-crystals thereof; metal (Au, Ag, 

50 Al, Ir, Pt. Cu, Pd, Ru, W); and amorphous/glassy 
materials (BSG. PSG, BPSG, SI). 

27. The method of claim 14, wherein an insulation is 
formed between the substrate and the functional in- 

55 termediate film, and the Insulation layer Is selected 
from the group comprising Si02. Si3N4, BPSG, 
f^gO. CaO. CaF2. AI2O3. B2O3. BSG, PSG and the 
like dielectric material. 
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28. The method of claim 14. the high-dielectric or fer- 
roelectric material Is formed from a material select- 
ed from the group comprising perovskite structure 
oxides (BT(BaTi03). BSTtBai.xSr^TiOs). ST 
(SrTI03)= PT(PbTI03). PZT(Pb(Zr. Ti)03). PLT 
(Pb,.,LaJI03). PLZT(Pb,.,La,) (ZrYTi,)i.,,403). 
PMN(Pbmgi/3Nb2/303), LiNb03, LITaOa. KNbOa. K 
(Ta. Nb)03. CaTI03. SrSnOa, NaNbOa, LaAlOa, 
YAIO3), bismuth-layered perovskite structure ox- 
ides (SrBi2Nb209, SrBi2Ti209, SrBi2Ta209, SrBig 
(Taj(Nbi J2O9, Bi4Ti30i2). tungsten-bronze type 
structure oxides {Sr^.j^Ba^NbgOg. (Sr, 
Ba)o.8RxNao.4Nb20e (R;Cr.Zn.Y), {Pb.Ba)Nb206. 
(K. Sr)Nb206. (Pb. K)Nb206. PbgKNbgOi 5, 
K3Li2Nb50i5. (K. NajaLigNbgOis, K2BiNb50i5)}, 
ReMn03(Re: rare-earth element), BaMF4(f^;Mn. 
Co. Ni. fVIg. Zn), KMgFs, and the like. 

29. An electronic device having a functional intermedi- 
ate film and a bottom electrode of platinum film 
which has a dense granular structure and a control- 
led preferred orientation. 

30. The electronic device according to claim 29, where- 
in a htgh-dielectric or ferroelectric film is formed on 
the platinum film. 

31. The electronic device of claim 29, further compris- 
ing an insulation layer interposed between the sub- 
strate and the functional intermediate film. 

32. The electronic device of claim 29, wherein the func- 
tional intermediate film is any one of a diffusion bar- 
rier layer, a conductive plug, an adhesion layer and 
an Insulation layer. 

33. The electronic device of claim 32, wherein the func- 
tional intermediate film is a conductive plug and is 
formed from a material selected from the group con- 
sisting of TIN, zirconium nitride, titanium silicide, 
tantalum silicide. tungsten silicide. molybdenuni sil- 
icide. nickel silicide. cobalt silicide. tantalum car- 
bide, tantalum boride, polysilicon, germanium. W, 
Ta. Ti, fy/lo, TiW. boron carbide, Cu and the like. 

34. The electronic device of claim 32. wherein the func- 
tional intermediate film is a diffusion barrier layer 
and is formed from a material selected from the 
group consisting of ternary component amorphous 
materials (Ti-Si-N. Ta-B-N, Ti-B-N), conductive ni- 
tride (titanium aluminum nitride, Zr nitride. Hf nitride, 
Y nitride, Se nitride. La nitride, rare earth nitride. N 
deficient Al nitride, doped Al nitride, Mg nitride. Ca 
nitride, Sr nitride. Ba nitride, TiN, GaN. Ni nitride. Ta 
nitride, Co nitride, W nitride), and the like. 

35. The electronic device of claim 32, wherein the func- 
tional intermediate film is an adhesion layer and is 


formed from a material selected from the group con- 
sisting of TiN. W. Ta, Ti. Sn. Ru, In, Ir. Os. Rh. silicide 
compound (Ni silicide. Co silicide, W silicide). and 
the like. 

5 

36. The electronic device of claim 29, wherein the first 
thickness platinum part is formed to an extent that 
it can prevent the diffusion of the oxygen which can 
be introduced into the platinum film'during the sec- 

10 ond thickness platinum part depositing step. 

37. The electronic device of claim 36. wherein the thick- 
ness of the first thickness platinum part is 5 to 50% 
of the total thickness of the platinum film to be de- 

^5 posited. 

38. The electronic device of claim 29, wherein the pre- 
ferred orientation of the platinum film is controlled 
by changing at least one of: partial pressure ratios 

20 of oxygen, nitrogen and the mixture thereof to the 
entire gas in the atmosphere employed in deposit- 
ing the second thickness platinum part of the plati- 
num film; the temperature of the substrate during 
the deposition step; annealing temperature; and the 

25 ratio of the thickness of the first thickness platinum 
part to the total thickness of the platinum film. 

39. The electronic device of claim 29, wherein the inert 
gas is selected from Ar. Ne. Kr. and Xe. 

30 

40. The electronic device of claim 29, wherein the tem- 
perature of the substrate during the deposition step 
does not exceed SOO'^C. 

55 41. The electronic device of claim 29, wherein the an- 
nealing temperature does not exceed 700"C. 

42. The electronic device of claim 29. wherein the de- 
positing of platinum film is performed using a proc- 

40 ess selected from the group comprising DC/RF 
sputtering, DC/RF magnetron sputtering, metal or- 
ganic chemical vapor deposition, vacuum evapora- 
tion deposition, laser ablation deposition, partially 
ionized beam deposition, and electroplating. 

45 

43. The electronic device of claim 29, wherein the sub- 
strate is formed from a material selected from the 
group consisting of silicon (Si), germanium (Ge) 
and diamond (C); compound materials such as 

50 GaAs. InP, SiGe and SiC; ceramic single crystal 
(SrTiOa, LaAIOa, AI2O3, KBr. NaCI, ZrOa. Si3N4. 
Ti02, Ta205, AIN) or poly-crystals thereof; metal 
(Au, Ag, Al, Ir, Pt. Cu. Pd. Ru, W); and amorphous/ 
glassy materials (BSG, PSG. BPSG. Si). 

55 

44. The electronic device of claim 29. wherein an insu- 
lation is formed between the substrate and the func- 
tional intermediate film, and the insulation layer is 


30 


23 


EP 0 855 738 A2 


selected from the group consisting of Si02. Si3N4. 
BPSG. MgO, CaO, CaFg. AI2O3. B2O3, BSG, PSG 
and the like dielectric material. 

45. The electronic device of claim 29, the high-dielec- 5 
trie or ferroelectric material is formed from a ma- 
terial selected from the group comprising per- 
ovskite structure oxides {BT(BaTi03). BST 
(Bai.j^Sr^TiOa), ST(SrTi03), PTIPbTiOa), PZT(Pb 
(Zr. Ti)03), PLT(Pbi.xLaJi03), PLZTCPb^.^LaJ 10 
(ZrYTi^)i.x/403). PMN(Pbmgi/3Nb2;303). LiNbOj, 
LiTaOg. KNb03. K(Ta. Nb)03. CaTi03, SrSnOj. 
NaNbOa, LaAIOs, YAIO3)}. bismuth-layered per- 
ovskite structure oxides {SrBi2Nb209, SrBi2Ti209, 
SrBisTagOg. SrBi2(TaxNbi 614113012}. tung- is 

sten-bronzetype structure oxides {Sri.xBaxNb206. 
(Sr. Ba)o8RxNao4Nb206(R;Cr.zn.Y). (Pb.Ba) 
Nb206. (K.Sr)Nb206. (Pb,K)Nb206. PbgKNbgOis. 
K3Li2Nb50i5. (K. Na)3Li2Nb50i5, K2BiNb50i5)}. 
ReMn03(Re: rare-earth element), and BaMF4(M: 20 
Mn, Co. Ni, fvlg, Zn), KMgFs and the like. 
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(54) Method of depositing a platinum film for capacitor electrode 


(57) A platinum film, which is used as a bottom elec- 
trode for a capacitor in a DRAM cell or a non-volatile 
ferroelectric memory cell, is formed in two separate 
processes, wherein a first thickness platinum part there- 
of is deposited under an inert gas atmosphere, and the 
second thickness platinum part is deposited under an 
atmosphere containing oxygen, nitrogen and/or a mix- 


Ai-(ineii gas) 


ture thereof as well as an inert gas. The platinum film is 
annealed under a vacuum atmosphere to remove the 
oxygen an/or nitrogen Introduced during the deposition 
of the second thickness platinum part. The annealed 
platinum film prevents formation of an oxide on a func- 
tional intermediate film such as a diffusion barrier layer 
or an adhesion layer, which is provided below the bottom 
electrode of platinum film. 
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